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Abstract: Sfermion masses and eigenstates in the supersymmetric economical 3-3-1 model 
are studied. By lepton number conservation, the exotic squarks and superpartners of or- 
dinary quarks are decoupled. Due to the fact that in the 3-3-1 models, one generation 
of quarks behaves differently from other two, by i2-parity conservation, the mass mixing 
matrix of the squarks in this model are smaller than that in the Minimal Supersymmetric 
Standard Model (MSSM). Assuming substantial mixing in pairs of highest flavours, we are 
able to get mass spectrum and eigenstates of all the sfermions. In the effective approxi- 
mation, the slepton mass splittings in the first two generations, are consistent with those 

cos 27 (/ = e, /i). In addition, within the above 
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in the MSSM, namely: m? 

effective limit, there exists degeneracy among sneutrinos in each multiplet: m 
In contradiction to the MSSM, the squark mass splittings are different for each generation 
and not to be rriyy cos 27. 
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1. Introduction 

The Standard Model (SM) of high energy physics provides a remarkable successful descrip- 
tion of presently known phenomena. In spite of these successes, it fails to explain several 
fundamental issues like generation number puzzle, neutrino masses and oscillations, the 
origin of charge quantization, CP violation, etc. 

One of the simplest solutions to these problems is to enhance the SM symmetry 
SU(3)c ® SU(2)l » U(l)y to SU(3)c «> SU(3)l U(l)x (called 3-3-1 for short) |, |, || 
gauge group. One of the main motivations to study this kind of models is an explanation in 
part of the generation number puzzle. In the 3-3-1 models, each generation is not anomaly 
free; and the model becomes anomaly free if one of quark families behaves differently from 
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other two. Consequently, the number of generations is multiple of the color number. Com- 
bining with the QCD asymptotic freedom, the generation number has to be three. For the 
neutrino masses and oscillations, the electric charge quantization and CP violation issues 
in the 3-3-1 models, the interested readers can find in Refs. Q, and respectively. 

In one of the 3-3-1 models, the right-handed neutrinos are in bottom of the lepton 
triplets and three Higgs triplets are required. It is worth noting that, there are two 
Higgs triplets with neutral components in the top and bottom. In the earlier version, these 
triplets can have vacuum expectation value (VEV) either on the top or in the bottom, but 
not in both. Assuming that all neutral components in the triplet can have VEVs, we are 
able to reduce number of triplets in the model to be two 0, |8|. Such a scalar sector is 
minimal, therefore it has been called the economical 3-3-1 model In a series of papers, 
we have developed and proved that this non-supersymmetric version is consistent, realistic 



and very rich in physics ^, 10, 11]. 



In the other hands, due to the "no-go" theorem of Coleman-Mandula [|l^], the internal 
G and external P spacetime symmetries can only be trivially unified. In addition, the 
mere fact that the ratio Mp/M\Y is so huge is already a powerful clue to the character 
of physics beyond the SM, because of the infamous hierarchy problem. In the framework 



of new symmetry called a supersymmetry |13| , 14 1, the above mentioned problems can be 
solved. One of the intriguing features of supersymmetric theories is that the Higgs spectrum 
(unfortunately, the only part of the SM is still not discovered) is quite constrained. 

It is known that the economical (non-supersymmetric) 3-3-1 model does not furnish 



any candidate for self-interaction dark matter [15| with the condition given by Spergel and 
Steinhardt |l^. With a larger content of the scalar sector, the supersymmetric version 
is expected to have a candidate for the self-interaction dark matter. The supersymmetric 
version of the 3-3-1 model with right-handed neutrinos |^ has already been constructed in 
Refs. |17|. An supersymmetric version of the economical 3-3-1 model has been constructed 



in Ref. ||T^. Some interesting features such as Higgs bosons with masses equal to that of 



the gauge bosons - the W and the bileptons X and Y , have been pointed out in Ref. |19|. 



In a supersymmetric extension of the (beyond) SM, each of the known fundamental 
particles must be in either a chiral or gauge supermultiplet and have a superpartner with 
spin differing by 1/2 unit. All of the matter fermions (the known quarks and leptons) have 
spin-0 partners called sfermions. Hence in supersymmetric models, besides scalar Higgs 
bosons, there are scalar sfermions. In Ref. |18], the Higgs sector was a subject of our 



interest; in this paper, we will focus an attention to the sfermions - sleptons and squarks. 

This article is organized as follows. In Sec. |2| we present a fermion and scalar content 
in the supersymmetric economical 3-3-1 model. The necessary parts of Lagrangian is also 
given. The F and D terms of scalar potential for sfermions are calculated in Sec. ^. Masses 
and eigenstates for sleptons and squarks are given in Sec. |^ and respectively. Section ^ 
is devoted for the case of i?-parity conservation and sfermion mass splittings. Finally, we 
summarize our results and make conclusions in the last section - Sec. |^ 
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2. A review of the model 



In this section we first recapitulate the basic elements of the supersymmetric economical 
3-3-1 model |18|. R — parity and some constraints on the couplings are also presented. 

2.1 Particle content 

The superfield content in this paper is defined in a standard way as follows 

F = iF,F), S = {S,S), V = iX,V), (2.1) 

where the components F, S and V stand for the fermion, scalar and vector fields while 
their superpartners are denoted as F, S and A, respectively [13, |l^]. 

The superfield content in the considering model with an anomaly-free fermionic content 
transforms under the 3-3-1 gauge group as 

iaL= (i?aJa,i?^)^~ (1,3,-1/3), T^^- (1,1,1), (2.2) 

QiL = (ni , , n') ^ ~ (3, 3,1/3), (2.3) 
uIl, n£~(3M,-2/3), d5i~(3M,l/3), (2.4) 
QaL = (da,-2a,rf'a)^~(3,3*,0), a = 2, 3, (2.5) 

uIl ~ (3*, 1, -2/3) , d^L, €l ~ (3*, 1, 1/3) , (2.6) 

where the values in the parentheses denote quantum numbers based on (SU(3)c, SU(3)l, 
U(l)x) symmetry. z?£ = {ynY and a = 1, 2, 3 is a generation index. The primes superscript 
on usual quark types (n' with the electric charge q^' = 2/3 and d' with g^/ = —1/3) indicate 
that those quarks are exotic ones. 

The two superfields x p are at least introduced to span the scalar sector of the 
economical 3-3-1 model [^i 

X = (x?,r,X^)^~ (1,3,-1/3), (2.7) 
p= (p+,pO,p+)^~ (1,3,2/3). (2.8) 

To cancel the chiral anomalies of Higgsino sector, the two extra superfields x' and 'pi must 
be added as follows 

X = (x'i°,X+,X2°)^~(l,3M/3), (2.9) 
p'= (/3'f,p'0,p'2")^~(l,3*,-2/3). (2.10) 

In this model, the SU(3)l U(l)x gauge group is broken via two steps: 

SU(3)l U(l)x ^ SU(2)i ^ U(l)y U(1)q, (2.11) 
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where the VEVs are defined by 

V2{xV = (n, 0, w) , V2{x'f = {u', 0, w') , (2.12) 
V2{pf = (0, V, 0) , V2{pY = (0, v',0) . (2.13) 

The VEVs w and w' are responsible for the first step of the symmetry breaking while u, u' 
and V, v' are for the second one. Therefore, they have to satisfy the constraints: 

u, u , V, v <C vJ . (2-14) 

The vector superfields 14, V and V containing the usual gauge bosons are, respectively, 
associated with the SU(3)c, SU(3) l and U(l)x group factors. The colour and flavour vector 
superfields have expansions in the Gell-Mann matrix bases = A"/2 (a = 1,2,. ..,8) as 
follows 

= ^X^Vca, Vc = -^A-^^Fea; V = ^X'^Va, V = -^A'^*^, (2.15) 

where an overbar ~ indicates complex conjugation. For the vector superfield associated 
with U(l)x, we normalize as follows 

XV' = {XT^)B, = ^diag(l, 1, 1). (2.16) 

The gluons are denoted by g"" and their respective gluino partners by A^, with a = 1, . . . , 8. 
In the electroweak sector, V"" and B stand for the 811(3)/, and U(l)x gauge bosons with 
their gaugino partners Xy and A^, respectively. 

With the superfields as given, the full Lagrangian is defined by Csusy + ^soft, where 
the first term is super symmetric part, whereas the last term breaks explicitly the super- 
symmetry [^] . The interested reader can find more details on this Lagrangian in the above 
mentioned article. In the following, only terms relevant to our calculations are displayed. 



From the supersymmetric Lagrangian |18], we can obtain the following superpotential 



where 



and 



W^^^f. (2.17) 



W2 = fJ-OaLaLX' + MxXX' + fJ-pPP' , (2-18) 

Ws = -labLaLp'ilL + XaeLaLXP + X'^^eLaLUlP 
+KiQlLXUiL + k'Qilx'ul + ^iQlLpdll 
+'&'aQlLP'daL + T^aiQalPUiL + T^'aQaLPu'l 
+IiaiQaLXd\L + ^ajsQ aLXd'fiL + <^ f ajS-yQ alQ P lQ L 
+^lif3jdiLd'pLUjL + ^2i0dfj^dpLu'l + CsijkdtLdjLulL 
+UijdiLd'jLUL + (.5al3idaLd'^LUiL + Cea/sd'aLdpL'^L 

+(,aajLaLQaLdjL + i'aapLaLQaLd'f^L- (2-19) 
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The coefficients yUoa, A'p and fj,^ have mass dimension, while ah coefficients in W3 are di- 



mensionless and A' 



ab 



-Ai 



ba' 



It is worth noting that the first term of ( 2.19| ) is the Yukawa couphng giving charged 
leptons mass, while the third one is responsible for neutrino mass. At the tree level, their 
couplings satisfy the following estimation : 



Tab > ^'ab- 



(2.20) 



In the SM, neutrinos are rigid massless, hence A^j, has to be vanish. In other words, we 
can put A'^^ = in the SM limit. 

From the soft supersymmetry-breaking terms |18], the Lagangian relevant to the 
sfermions is obtained by 

-CsMT = MlJj\J.bL + mlhOj^L + m'^QllQlLQlL + rr?QapLQ^aLQpL 

'0/3" aL" PL 

+ ^M'^X^LaL + 11abLaLP%b + ''^a^^aLXP + ^ab^LaLLbLP + PiQlLX'UiL 
+PQlLX'u'l + PaiQaLPUiL + TaQaLPu'^i + hiQiLp'd^j^ 
+h'iQlLP'd'lL + KiQaLXdiL + KlsQaLXd'^iBL 
+P5a/3-yQaLQf3LQ^L + Kif^jd^^^d'pLU'jL + Apd^^d'^LU'l 



where £ab 



+T^ijkd'iLd^jLU%j^ + K^ii^d^i^d'ji^u' ]^ + K^afSid' ^1^' fSl'^iL 

+I^&al3d' aid' PL'U' L + ^aajLaLQaldjL + ^'aaP^alQaLd' pi + i?.C.| , ( 

-£ba- This Lagrangian is also responsible for sfermion masses. 



2.21) 



2.2 i?-parity 

For the further analysis, it is convenience to introduce i?-parity in the model. Following 
Ref. |2C], i?-parity can be expressed as follows 

R - parity = (-l)25(_i)3(B+£) 
where invariant charges C and B (for details, see Ref. ^l|]) are given by 



(2.22) 



Triplet 


L 


Qi 


X 


P 


B charge 





1 

3 








C charge 


1 

3 


2 
3 


4 
3 


2 
3 



Anti — Triplet 


Qa 


x' 


P' 


B charge 


1 
3 








C charge 


2 
3 


4 
3 


2 
3 



Singlet 






d" 




d'^ 


B charge 





1 

3 


1 

3 


1 

3 


1 

3 


C charge 


-1 








2 


-2 



(2.23) 



(2.24) 



(2.25) 



- 5 - 



Combining ( 2.22 ) and the above tables, it is easy to conclude that the fields Xi x' ^ Pi 
p', L, Qai Qs, I, u, u', d and d! have i2-charge equal to one, while their superpartners have 
opposite i?-charge, as in the Minimal Supersymmetric Standard Model (MSSM). 



Under i2-parity transformation, the Higgs and matter superfields change, respectively [20 



9, 9) ^ -4>(x, -9, -9), $ = Q, u^ d^ L, (2.26) 

Let us separate W and Csmt into the i?-parity conserving (R) and violating (|?) part. 
Thus 

W = Wr + (2.27) 



where 



= \ {pxXX + Pppp) 



+ ^ {labLaLp'ibL + >^ab^^aLLhLP 

+k'QiLX'u'£ + "diQiLp'dli^ + TTaiQaLPUiL + UaiQaLXdiL 

+K^QlLX'u^L + ^QlLp'd'^L + <QaLPu'E + KpQaLXd'^L) , (2-28) 



and 



Wft = -^^POaLaLX' + - (^eLaLXP + f^fap-yQaLQ/SLQ^/L 



2" 3 

jc J/c -C I A _jc J/c "/C 



+UijdiLd'jL'^L + ^5aPid'aLd'^L'^iL + ^Gafid'^id'^^u'l 

+ iaajLalQaLd'jL + ^aafS^aLQaLd'^L) ■ (2.29) 



By ( 2.26| ), the |?part contains odd number of matter superfields. For the soft terms, we 
have also 

^5MT = -^SMT +'^SMr' (2.30) 

where 

^^iL^^jL + n^d,,d,LdjL + m^'U'L U l + n^d'af^d'aLd'f^L 
+ [jlabLaLP^lb + l^abeLaLLbLP + PQiLX'u'l 
+PaiQaLPUiL + hiQiLpd^i + KiQaLXdiL 

+ PiQlLX'UiL + h'^QlLp'd'^L + KpQaLXd'^pL + raQaLPu'l + ^^-cj (2.31) 



and 



"-^SMT = M'^X^LaL + VaeLaLXP 

+P5aP'yQaLQ0LQ-yL + KiiSjdi^d' /slUjl + ^ifSdiLd' fiL^' L 
+'^ijkd'iLdjL^lL + f^Aikd'iLd'jL'^' L + '^5al3id' aid' i3L^iL 

+l^6al3d'aLd'i3L'^'L + ^aajLalQaLdjL + ^'aajJ^aLQaLd' gSL + -f^-C (2.32) 
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The I? soft terms consist of odd number of supersymmetric partners - sfermions. 

Note that the last lines in ( |2.28D and ( p.31[ ) contain lepton-number violating terms 
(with AL = ±2). Hence we have (see also |TT| ) 



hi,hai- (2.33) 

3. Scalar potential for sfermions 

The scalar potential of the model is a result of summation over F and D terms: 

V = F^*F^ + lY.D''Da, (3.1) 



where [14| 



dW 

P<P = -Q^^ W = W2 + W3, (3.2) 

and 

D- = -g(^cP*T-c^ . (3.3) 

The field stands for all the scalars or sfermions in the model. 

3.1 F-term contribution 

From W2 and W3 we get 

^X' = ^(^Oa^aL + %X) + ^{l^iQlLuli + k'QilUl), (3.4) 
^X'^ — 2^xXct + 2 (^^a^mcmL^LP^ + ^aiQaLcrdii + Tl'^pQ aLad'pi)j , (3.5) 

+ T^aiQaLuUli + T^'aQ cxLaUl] , (3.6) 



Fp' = \ppP + \ {lablaJlL + ^iQlA + KQlLd'^L) , (3-7) 

^Kl = 2^0aXa + -^{labP'JbL + K^crmnX"' P"^ + '^Kb^cmmL'^LP'^ 

+iaa-jQ aLad'j L + i'aafiQaLad'pi) (3.8) 

Fll^ = \labLaLp\ (3.9) 

Fq.l = \ (^a'nfi + ^'X'u'l + ^^p'dU + ^'JS^l) , (3.10) 

^Q^L = \ [-^aiPaUiL + T^'aPaUL + U^iXadk + ^apXa^pL 

+ '^fal3"/€(7jkQ''i3LQ^L + iaaiLaLadli + i'aafi^aLad' pj^ , (3-11) 
1 

3 



^"?L = i ( «^iX'<3lL + T^aiPQaL + CljpidjLd''i3L + ^Skjidkld'jL + ibal3id''aLd'''f3L) ,(3-12) 
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Fd'; 



^ {&ip'QlL + TlaiXQaL + ^lifijd'pLUjL + C2if3d'lLU'l 
+'^^3ijkdjL'^kL + '^Ciijd'jLU'L + CaaiLaLQaL 



- y&'aP'QlL + Il'p^xQl3L + ^liajdiLUjL + ^2iadiLU' L 
+'^iba(3d' pluIl + 2^Qa.(3d' plU' + iaPa^ahQ /3l] ■ 



(3.13) 



(3.14) 



(3.15) 



With these F-terms, besides the second order mass terms in V , we also get trihnear and 
quartic couphngs of the sfermions. Below only the mass terms and the linear (by fields) 
terms are our interest. 



3.2 D-term contribution 

By Eq. ( |3.3D , we separate two subgroups, namely SU{^)l and U{l)x- 

1. D-term contribution from SU (3) l: 

The interested contribution to sfermion masses has a form 



sfermions Higgs 



(3.16) 



Since Tq = tI, we have 



sfermions j \ Higgs 



+ 



(3.17) 



where • • • are the terms which do not contribute to sfermion masses. The factor 2 in 
( |3.17| ) is the Newton's binomial coefficient. Since sfermion masses are our interest, 
therefore, in the second factor in ( 3.17] ), only the diagonal T3 , Tg and non-diagonal 
T4 satisfy this purpose. Let us calculate the second factor in ( 3.17] ): 



^3 



H=X,X',P,P' 

1(2 COS 2/? 2 cos 27 

7 U T 1- V ^ 



<H^ >n<H> 



E 

H=x,X',P,p' 

^ i ^ / 2 /2\ I 1 / 2 I2\ I 2 I2\ 

1 2^^ ~^ '' + 2^^ ~^ ~^ > 

! cos 27 2 o 2n cos 2/3 
— ^ {u -2w ) — 2 — 

C2 



4^/3 



(3.18) 



(3.19) 
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-{uw — UW ) 



1 COS 2P 

--UW o — . 



(3.20) 



In ( |3l8| ), ( |3l9| ) and ( ^ ) we have used |T|, |T9| 



^ U W V 

tanp = — = — -, tan 7 = — . 

u w V 



(3.21) 



Here we have taken into account that for antitriplets, Ta,a = 3,8,4 changes a sign. 
Note that the contribution from T4 is proportional to n - the lepton number violating 
parameter. 

Let us consider the first factor in ( ^.17 ). Since the singlet fields do not give contri- 
bution, hence for sleptons we have: 



SLg = L^j^TgLaL 



1 /I 



- 



V3 V2 
1 



Analogously for squarks, the contributions from one triplet and two antitriplets are: 
from the first triplet 



SQ^ = qIlTsQil 



SQs = QIlTsQil = -j= ( 7;^ilUil + izdlidn - u'lu'^ ) , 



1 /I 



73 V2 



1 



5(54 = Q\iTiQiL 
from two antitriplets: 



SaQz E 
SaQ% E 

5aQ4 = -Q^^^TiQaL 



1 1 



I ~ 1 , 



Qah'^sQaL 

t 



1 



1 



d*aLdaL 



"KxL^aL + d*^]^daL — '^d'*j^d'^i 
1 



'daLdaL- 



2 CKij 2 

Thus, the contribution from SU (3) l subgroup to slepton masses are: 
g2(5L3 X i^s + SLg xHs + SL4 x H4), 

and to squark masses: 

g'^iiSQ-s + SaQ-s) XH3 + {SQs + SaQs) xHs + {SQ4 + SaQ^) x H^]. 



3.22) 
3.23) 
3.24) 



3.25) 
3.26) 
3.27) 

3.28) 
3.29) 

3.30) 
3.31) 
3.32) 



-9- 



2. D -term contribution from U{l)x '■ 
First, for the Higgs part, we have 



<H^ >X <H> 

H=x,X',P<p' 

^(2 /2\ , ^/ 2 I2\ ^1 2 I2\ 
D D 



COS 2/? 



+ 2v 



I cos 27 



SuTiilarly, for sleptons 



For squarks in the first generation we get: 

For squarks in the last two generations we get also: 

SaQ, ^ -^Cl^^l + ^(ClCl + dTJai)- 
The contribution from subgroup U{l)x to slepton masses is 

c/'2 X SLl X Hi= g^t^ X SLi x Hi 



where ||2|] 



= {g'/gf 



3s 



3 - 4^2^ 



and to squark masses: 

X + SaQi) = gH^ x Hi{SQi + 5aQi). 



(3.33) 

(3.34) 
(3.35) 
(3.36) 

(3.37) 
(3.38) 

(3.39) 



The total contribution is a result of summation over two above mentioned subgroup 
parts. In contradiction to the MSSM, the contribution from T4 is lepton number violating 
(AL = ±2). We will deal with this in next section. It is easy to realize that the D-term 
contributions are diagonal. 



4. Slepton masses 

Relevant mass terms for sleptons arisen from the D-terms and the soft terms are as 
follows: 



C 



slepton — M^b^lj^LbL + mlfjl^*Lllj^ + -^Oa^ObLlj^LbL 



+ 



MaX*LaL + TjabLaLplLb 
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+VaeLaLXP + ^ab^LaLLhLP 
+ ^Pf)alJ'xX*LaL + -Px^af-LaLX* P 

^\pp i^K^LaLXP* + X'ab(^LaLLbLP*^ + ^PpP* {labLaJbh) 
+ ^POa (labX!*-plbL + '^Kb^X*LbLp) + ^JabKep' X* P* 4l 

+ ^V„,A„[(,.i.,,(pV, + 

+ ^lablab'p'*p'llJt*L + ^labla'b{LaLp'){La'Lp')* 
+ ^\a\b[{LlLLbL){p* P) - {Lli^pW Ul)] 
+ \\a\b[{KLLbL)[X*X) - {LlLXWLbL)] 
+ ^KaKb[iL:LLbL)ip*p) - {KlPWUl)] 

+g^{SLs XH3 + SLs xH8 + SL4 x H4) + g^t^ x SLi x Hi. (4.1) 
Expanding the D-term contribution [in the last line of ( [4.1| )] yields 
Dl = g^iSLs XH3 + SLs xHs + SL^ x F4) + g'^t^ x SLi x Hi 

+i:^laL [--Hs + ^Hs-jHi 

+ uTlKl ("71^8 - + ~^TJlLt^Hi + \{KlKlHa + H.c.)^ (4.2) 

The terms containing mixture of scalar Higgs bosons among sleptons fohowed from 

^slepton is. 

J-'mix = M'^X*LaL + VaeLaLXP 

+ ^P-OaPxX*LaL + -Px^a^LaLX* P 

1-1 

+ -^PpK(-LaLXP'* + 7:labK(-P'x*P*-llL 
D 9 

+ -^POa {labX'*-P'lbL + '^Kb^x'*LbLP 

+lKbK[{x*LbL){p*p) - {p*L,l){x*p)] + H.c. 



M';^ + \pOaP^ (xT^aL + X^Ll + xI*Kl) 
+Va[{-yaLxl + KlX\)P^ + hL{-x\pt + xlpt)] 

+ (^^PxK - \p^bK)j [(-^^aLxf + ^^aLxf )P° + /aL(-x'i°V^ + xt pt)] 
+ \pM{-^aLxl + KlX\)p"* +lLi-x'lP2^ + X^p'i+)] 
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+ lpOalabiX?*p[- + X'-.P" + xTP2nL 

+l>^'abMix'i*hL + + xfi>iL)ip'*p') 

-p'%L{xTpt + + Xl*pt)] + ^-c. 

Now we have to expand neutral Higgs fields around the VEVs as 



(4.3) 



T 

X 
iT 

X 



u+Si+iAx - w+S2+iA2 
u'+S^+iAs 1+ w'+SA+iA 



P 



T 



V2 



X , 



V2 



P 



+ v+Ss+iAry + 
Pi , ^75 , P2 



^1 ' ^ 



P2 



(4.4) 



where for short, the neutral scalar is expressed through the VEV and physical field (in 
breve) as follows 

= ^(vev + h). (4.5) 
V2 



From Eq. (4.3) we see that, there is mixing among charged Higgs boson with l'^^ 
as well as neutral Higgs fields with neutral sleptons such as P^^^, etc. To remove this 
mixing, we have to impose i?-parity condition. 

Imposing i?-parity conservation on (|4.3|) yields 



POalab = 0. 



7afeAa = 0, A'^^Aa = 



(4.6) 

(4.7) 
(4.8) 



Note that the conditions in (4.6)-(p~q) contain also the constraint equations at the tree 
level for DaL and z/^^. 

Taking into account of (4^)-(4^), the slepton mass Lagrangian becomes 



^slepton = Dl+ [ M^i, + -fiOaPOb ) (Kl^L + ^Il^L + I'^aL^bl) + '^^ab^aVbL 



+ 



1 



eabVil^aLl^bL " ^bLl'aL) 



+ -^lablab'l'bL''b'L-^ + g7ab7a'b(laLl'a' l) ~^ 
+ ^v\XaXb + KaKb){KLhL + K*A) 



12 



(4.9) 
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4.1 Charged sleptons 

From Eq. (|4.9|), the mass Lagrangian for charged sleptons is given by 



-Charlepton 



1 u'^ 9^ ( 1 



V3 



,'2 



+ [rjabv' + ^^^plabV ) ^aL^bL + H .C. 



+ — \a\b{u^ + W^)llLlbL 

For analysis below, let us denote 



1 1 

Bab = M^b + ^/^OaAtOb + Y^7ca7c6 + Y^>^ahiu^ + W^^) 

Cab = + —JcaJcb + g'^t^HiSab, 

io 



Dab = {vabv' + ^^J'plabV^ 



(4.10) 



(4.11) 

(4.12) 
(4.13) 



For the sake of convenience, let us denote = laR- Then, in the base {laL-ihn) = {hh-, 
hh, hi, liR, hn, hn), the mass matrix is given by 



Bab Dab 
Dab Cab 



(4.14) 



To deal with this 6x6 matrix, following Ref.|Q], we assume that there is substantial 
mixing among {tl-^tr) only. Hereafter, we adopt f = ^3, t = {13, h = ^3, etc. This means 
that, non-vanishing matrix elements in (4.14) are -Bii, B22, -B33, Cn, C22, (^33, -D33. 

Diagonalizing the above matrix, we get eigenmasses and eigenstates given in Table |l|. 
and two others are 



Table 1: Masses and eigenstates of charged sleptons 



Eigenstate 


llL 


hi 






(Mass)^ 


Bn 


B22 


Cu 


C22 



TL = S0J3R - C0J3L, 
TR = CeJsR + SgJsL, 



(4.15) 
(4.16) 
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with respective masses 



= -(^33 + ^33- A), 



= -(i?33 + C33 + A), 



where 



(4.17) 
(4.18) 



A 



21^33 



C33 — -B33 

With the mentioned assumption, we have 



m 



m 



m 



m 



llL 
2 

l2L 
2 

hn 
2 



1 v'"^ 1 

Mil + + —ill + -A?(n2 + w"") 



9 



,,'2 



,,'2 



™i2 + ^7c2+5^i^^^l, 



1 

1 



— ^1 
3 



■ ^3 — — ^Hft H iiTi 

2 V ^ V3 3 



(4.19) 
(4.20) 

,(4.21) 
,(4.22) 

(4.23) 

(4.24) 
(4.25) 



For the highest sleptons - staus: 



m: 



TL 



n/r2 , 2 , 2 I 2 , \2/ 2 I 2\ 

^33 + "^33 + -^7c3 + 4/^03 + + ^ ) 

^|3 + "^§3 + + 4M03 + Y^^K"' + 



(4.26) 



(4.27) 



with 



A 



2 

33 



9 ( 1 8^ 

2 V V3 3 



^ + 2 (^r?33i;' + ^/ip733^^) I (4.28) 



4.2 Sneutrinos 

Eq. ( [4.S| ) provides the following mass Lagrangian for sneutrinos: 



C 



sneutrinos 



3ab 



^1 + M^b + T^Oa^Ofe 
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1 



-j=Hs + -Hi j + M'^^ + -/Xoa/Xofe 



1 



fJ'pKbv'(.i>aLi>bL - ^lKl) + H.c. 



4 



/3 



^-6ab (h, + i=F8 



2t 

— i^l j + M^fe + ^flOafJ-Ob 



+ Y^v'^{>^aXb + 4^KaKb) + Y^>^aXbW^ 



^aL^bL 



I \ 1 



9 



+ 



2 s2 



'^^Ll^feL + H.C. 



(4.29) 



It is to be noticed that the last term in ( [4.29 ) is the mass-hke (in the second order of fields) 
lepton-number violating (AL = ±2). It is similar to the neutrino Majorona mass term; 
and this is a special feature of the supersymmetric version. 

For the sake of convenience, we will use the following notation 
-.2 / 1 



A 



ab 



9 



Sab [ H3 + 



+ ^V^{\a\b + 4A;„A;,) + ^XaXbW^, 



-g^^ab 



1 

71 



t 

Hs + —Hi ] + Af^f, + ^flQafJ-Ob 



Eab = -V2 (^EabV + ^flpX'^i^v'^ . 

In the base (DaL, hn) = (i^iL, i>2L, hL, i>iR, V2R, hn), the mass matrix is given by 



A-ab Eab 
Eab Gab 



(4.30) 

(4.31) 
(4.32) 

(4.33) 
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Eigenstates and eigenmasses in this case are completely analogous to the charged sleptons 
with replacements: i?33 ^ C33 ^ G33 and D33 ^ £^33. 

As before, ignoring mixing among sneutrinos of two first generations, we get eigen- 
masses and eigenstates given in Table ^. and two other sneutrinos are 

Table 2: Masses and eigenstates of charged sleptons 



Eigenstate 




i>2L 


VlR 


i^2R 


(Mass) 2 




A22 


Gu 


G22 



i'tL = S0„i>3R - ce„i>3L, (4.34) 
i>TR = C0„hR + se„i>3L, (4.35) 



with respective masses 



.2 1 



ml^ = -{A33 + G33-An), (4.36) 
"^L = ^(^33 + G33 + A„), (4.37) 



where 



^33 — A33 

With the mentioned assumption, we have 



An = ^(G33 - ^33)2 + 4£;|3, (4.38) 
2ii/33 , , 

t2e„ = ^ (4.39) 



+1.2(A? + 4A;!) + 1aV, (4.40) 

-.2 / 1 n+2 



1 2 . 9" rr . ^ rr 



+1.2(A^ + 4A'i) + lAV, (4.41) 

1 /I t"^ 

ml,^ = M?i + -fill - {-^Hs + jHi 

+1.2(A? + 4A;1) + 1aV, (4.42) 

1 /I 
= ^22 + 4^02 - 5' [-^Hs + jHi 

+^^v\Xl + 4X'^,) + ^^Xln\ (4.43) 
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For the highest (tau) sneutrinos: 



with 



m 



m 



9 



1 



4t' 



+^{H3- —Hs - —Hi ] - A„ 

1 
2 



V3 



9 



1 



(4.44) 



(4.45) 



An 



F3 + V3i?8)+3^Ai(«;2-«2) %8(^ 



(4.46) 



Comparing (|3l|), (l422|) with ( pO|) , (lOTl) , we see that, besides ^ - coefficients, 
without D-term contribution, there are degeneracies among left-handed and right-handed 
sneutrinos, namely, vil among i>i/j and V2l among V2r. 



5. S quark masses 

Due to the fact that the exotic quarks in the model under consideration have electric 
charges equal to that of the ordinary ones, squark mass mixing matrices are expected to 
be larger than 6x6. 

5.1 Squark mass Lagrangian 

As before, the L>-term contribution is diagonal, and let us denote it by Dq: 

Dq = 9^[iSQ3 + SaQs) XH3 + (SQs + SaQs) xHs + (SQ^ + SaQ^) x 
+gh^ X Hi{SQi + SaQi) 

= jn^iUiL Qf3 + + ^-H^ - ^HiuHul^ 

+dlLdiL + + jHi^ + jHidUdlL 

/I 1 \ 2t^ 

~* ~ A 1 \ ~c* ~c 

-daldaL y2^3 + '^^^^ J + -^^T-d^aLdaL 

+ ±Hsd':J^L + jHidTA + \h, {ul^u'^ - CJ^L + H.c) I . (5.1) 
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Relevant mass terms for squarks arisen from the F, D -terms and the soft terms are 
given by 

^squarks = Dq + niQuQ^^QiL + "mq^pi^Q ^^^Q 0l 



2 jc*jc 



2 ~/^\7/' 



+ 



PiQlLX'u^L + PQlLX'u'l + PaiQaLPUiL + raQaLPu'L + hQiLp'dlL 



+h'aQlLp'd'l^L + KiQaLXd^L + KpQaLXd'^L 
+ (u^iX'*-QaLd^L + Kpx'*-QaLd'^L) 

+IppP* {^iQiLd^L + 

+ lKiUaieQaLX*P*-dtL + Ca/3^QaLX* P* -d'^L) + H.C. 



9 

1 

18 



1 



+ {u' w' K^u{i^u' L - u'vKiTTaiUli^UaL " w' V KiTT aiu'lUaL + -H"-C.) 
, r '2 /2~* ~ , 12 I2~l*~l I 2 I I ~ ~* 



ill / /2~* / I I I ~* ~ III ~/*~ I o- \ 

+ {U W K Uij^U L — UVK TT^Uij^UaL — W VK 'Kg^Uj^UaL + tl.C.) 



1 

+ 18 



v''^d1diLd\L + U^Uai^pidaLdpL + w'^^ai^pid'aLdpL + 



1 

+ I8 



+ (uif;nQ,jn^j(iaLC^^L + v'wdiUaidlLdaL + v' W'&iUaidiLd'*^ + i?.C.) 

= Dq + ml..ullu''jL + ml..dlli^L + ml,u'Lu'l + mi/^^d'^ld'^i 
+ 



Pi P ' — ' ^ 
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+ 



v'h' 



V2 



h' 



V2 



6V2 
1 



K=flx {nai{u'dc,L + w'd'^LXiL + Kf^i^J-' daL + w' d'^L)d!pi) 



-^J^I^P {'^aiv'uaLUiL + Tr'^v'uaLu'E) + -^I^P [^idlldiL + '^'adlLd'aL) 
-^maiiaajiu' daL + w'd'^L)djL + Cafiiu'daL + w' S^l)S^l) 



1 



+ rr^Kwv{iaaidc,LdlL + CapdaLd'^i) 



18 

+ Y^>^aUv{^aaidaLdiL + Capd'ahSpL) 



18 



+ ^v'u{mai + ^'K5)dlLdlL + ^^^'«;(^?in„i + ^'ll'^^)diLd!*L + ^-C- 



+"T'Qil(^'il^il + + u'Iu'l) 



2 , -l- / /2 I /2\ I ■'- 2 



+ 
+ 



2 I -'^ 12/ 12 t /2\ I -'- 2/2 
IS'^ + ^ ) + 



~ c* ~ c 
L L 
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+ 



18 
1 

Ts 
1 



18 



5a 



fSL 



I r 2 I ^ /2/ 2 , /2m ~* ~ 



+ [mQal3L + {^^ai^Tp^ + vr^vr^)]'U*LU/3L 



+ 



18 

V2 6V2 



UiLUiL + 



PL 



WPi W^l^Ki \ ^, 



+ 



^/2 6^/2 



6\/2 



W'p Wfl^K' \ 



y/2 6\/2 



UaLu'E 



+ 



a/2 6\/2 



V2 6\/2 7 



+ 



+ 



+ 



V2 6\/2 



+ 



6^/2 18 

/C* 



/3L 



io 



18 



7c* 



9 



- w 2 I /2\ 
U W [Ki + K 



g'^ cos 2/? 



io 



+ l-v'u{mai + ^'Ks)dlLd*^L + ^v'w{ma^ + ^'U'^ld':!. 
io io 



5^ cos 2/? 
+— K — 

4 si 



daLd'*L + -ff.C. 



(5.2) 



Looking at (|5.2| ) we see that there is mixing among ordinary squarks with exotic squarks 
(with primes) and this produces 8x8 matrix for up-squarks and 10 x 10 matrix for down- 
squaks. Noting that exotic squarks carry lepton number ±2, we conclude that coefficients 
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of the mixture among ordinary and exotic squarks are very small. In the following, we will 
neglect such mixing. 



5.2 The lepton number conservation limit 

Remind that, in the SM, neutrinos are massless and lepton number is conserved. Let us 
consider the SM limit. The lepton- number conservation conditions imposed to ( ^.21) are 
the following: 



WPi + 



6 



up + 



6 



6 



0, 



Whai H 2 ^ a ^ -rZ>^aUVt,aai = 0, 

D 18 



^Kp + 7, + 7. + T^^aWvi, 



18 

/3 



-U W [Kj + K —UW- 



w'v{KiTTai + k'vT^) = 0, 



'/3 



1 , , , . cos 2(3 

-{\lai\lai + n^^na^j + ^ ^2 



(5.3 
(5.4 

(5.5 
(5.6 

(5.7 

(5.8 
(5.9 



With imposition lepton-number conservation, the difficulties of large squark mixing, will 
be very much eased. Let us denote 



Ai 



B 



2 , ^ r /2 , /2\ I 1 2 ^ 2j.2 tt r 

^u,j + + ^ )'^'% + 7r„j7r„j - -g t Hidij, 



C = ml, + ^.'2(n'2 + w'^) + - Igh'Hu 



E 



1 



'■QlL ■ 
2 



1 

2^/3' 
1 



1 



2^/3 

/2/2| I2\ 2 ( ^ TT ^j.2 Tj 



■a/3 



1 2 

18 
1 



2^/3 



rrir 



>al3L 



(5.10 
(5.11 
(5.12 
(5.13 
(5.14 

(5.15 
(5.16 
(5.17 
(5.18 
(5.19 
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Hi 



ai 

^/2 6^/2 

v'hi ^ v^p-di 



y/2 6^/2 



- uh, 

mi. 



6\/2 



_ wh' 



al3 



af3 



+ 



1 



(5.20) 
(5.21) 
(5.22) 
(5.23) 



Then the mass Lagrangian (^.2[) can be rewritten in the form 



C^squarks = Cul*u'l + E^'^ulu^ + Eu^^u[iUiL + E ct^^(I[i^diL 
+Bijd1l(fjL + Fd'^i^d!aLd'l3L + Pd^pdl^^dpL 

+ [KaidaLdtL + Na^d'^Ld^L + GaiUaLuti + Hidndti + H.C.] (5.24) 



From (5.24) we see that all the exotic squarks are decoupled of ordinary squarks. The 
reason of this is that in the 3-3-1 models, the exotic quarks carry also lepton number, while 
the ordinary ones do not, so their superpartners have the same property. 

Looking at ( 5.24| ), we conclude that the u'£ and gain masses respectively. 



C, 



E,,i 



(5.25) 



For the ordinary up-squarks, the uil does not mix and gains mass: 



(5.26) 



The remaining up-squarks are all mixing and in the base {u2l^^3L^^il^^2L^^3l)' niass 
matrix is given by 



/ Fu22 Fu23 G21 G22 G23 \ 

Fu32 Fu33 G3I G32 G33 

G21 G31 An A21 A31 

G22 G32 A\2 A22 ^32 

\ G23 G33 74i3 A23 ^33 / 



(5.27) 



For superpartners of the down-quarks (g 
with mass matrix 



-|), we have: The ^2*^, (ig*^^, ^iiid d^^. 



/ Frf, ^ Ej^^ N22 N23 \ 

Fd'^2 ^'33 iV33 
-^22 -^32 -P22 -P32 
y A'^23 -^33 ^23 -P33 / 



(5.28) 
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For the ordinary down-squark,m the base ((^1^, rf2L' "^SL' "^iL' ^2L' '^3l)' mass matrix is 
defined by 



/ EdiL 








Hi 


H2 


H3 


\ 





Ed22 


■Ed23 


K21 


K22 


K23 







Ed32 


Edz3 


K31 K32 K33 




Hi 


K2I 


K3I 


Bii 


B21 


B31 






K22 


K32 


B12 


B22 


B32 






K23 


K33 


Bl3 


B23 


B33 


/ 



(5.29) 



As in the MSSM, the ordinary down-squarks mix by 6 x 6 matrix. 

It is to be noted that the decouphng of uil is a result of the condition for minimum 
of Higgs potential: u' /u = w' /w and the absence of Qil in two last terms of Eq. (^.19|) . 

, we 



In general, we cannot deal with 5x5 and 6x6 matrices. Following Refs [14| and | 
expect the ql—Qr mixing to be small, with possible exception of the third-generation, where 
mixing can be enhanced by factors of nit and nib- Keeping in mind this assumption, from 
Eq. (|5^ to Eq. (|]2|), we conclude that, all non- vanishing matrix elements are: Fu22, 



Eu33J All, 



A22, A33, G33, F^i^^, -F^^^,P22, -^33,^331 Ea^^,Fci22, Fd33, Bu, B22, B33 and 



K33 With the help of the above assumption, diagonalization of the mass mixing matrices 
is quite easy. Our results are as follows: 

1. For up-squarks: 

The eigenmasses and eigenstates are given in Table ^ and two others are 
Table 3: Masses and eigenstates of up-squarks 



Eigenstate 


UlL 


UlR 


U2L 


U2R 




^'r 


( Mass) 2 




All 


Eu22 


A22 




C 



with respective masses 



where 



■"ti = se^U3R - C0^U3L, (5.30) 

UtR = Cg^U3R + S6)>3L, (5.31) 



1 , ^, 

2 

2 ^ 



ml^ = -{FU33+A33-A), (5.32) 



<,R = ^{Fu33+A33 + A), (5.33) 



A = V(^33-i^n33)' + 4GL, (5.34) 
t20. = (5.35) 

^33 - ^ U33 
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Table 4: Masses and eigenstates of down-squarks 



Eigenstate 


diL 


dm 


d2L 


d2R 


d'2L 




( Mass)2 




Bii 


■^d22 


B22 


"">.-}. 


P22 



2. For down-squarks: 

Eigenstates and masses are presented in Table 

and four others are 

dtL = se^dsR - ce^dsL, 
dtR = ce^dsR + so^dsL, 



with respective masses 



where 



"'L = ^(^rf33+^33-A), 
""L = ^(^^33 +^33 + A), 



A= V(i?33-i^d33)'+4i^33, 

2K33 
^26^ - ^ 

-D33 - ^ d33 



Analogously for exotic squarks: 



with respective masses 



where 



^i = ^(^43+^33-A), 
"^1^ = ^(^43+^33 + A), 



A = \/iP,,-F,.J^ + 4Nl„ 



t2e„ 



2N33 



To outline mass spectrum, let us assume 



All < C < Bii < Ey^i^ < EuiL < Ed^^i 

'A22 < B22 < P22 < Fu22 < Fd22 < Fd',, ■ (5.48) 
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Squarks mass spectrum is shown in figure where mass scales between generations are 
not taken into account. 



Mass 





4i 


UlL 










r? 

"■2R 




d^R 



UlR 



U2R 



UtL 



HR. 



Ml 



A, 



d' 



tL 



Figure 1: A schematic sample mass spectrum for squarks in which mass scales between generations 
are not taken into account. 

We summarize this section by notice that the huge squark mixing matrices (8x8 and 
10 X 10) were significally reduced by the lepton number conservation. The situation will 
be much better by i?-parity imposition. 

6. i?-parity and sfermion mass splitting 

R 

Consequence of i?-parity is that all coefficients in and C^j^^j, vanish. 
6.1 Slepton mass splitting 

-R-parity conservation and the constraint ( p.20| ) give 

Xa = X'ab = M'^^ = Va = ^Oa = 0. (6.1) 

Then vanishing of nondiagonal elements in lepton mixing matrices leads to: 

7ci7c2 = 7ci7c3 = 7c37c2 = 0. (6.2) 



Consequence of (p. 21) is that at least, one of the coefficients 7afe vanishes. Let us consider 
two special cases: 



1. 7c3 / 

From (p]^) we get 



7ci = 7c2 = 0, 



733 7^ 0. 



(6.3) 
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In the considering case, the first two family slepton masses are given by: 



m~ 

Hi 



m 



m 



2 



rrir 



'2i 



mj = 



2f 



ml^ + gH^Hi, 



(6.4) 

(6.5) 

(6.6) 
(6.7) 

(6.8) 

(6.9) 

(6.10) 
(6.11) 



The stau masses are defined: 
1 



TL 2 



^33 + "^33 + -9-733 - y 



1 



TR 



V 



n 



-733 



5 



i?3 

i^3 



1 

1 
73 



^^8 



2^2 
~3~ 



Hi) + Ai 



(6.12) 
(6.13) 



where 



Ai = 



Mis-ml^-g^{Hs-—Hs + 



8*2 



For the mixing sneutrino eigenstates 



+ 2 ( ri33v' + -/Xp733i; 



(6.14) 



(6.15) 
(6.16) 



we obtain 



m 



2M|3 + y (i^3 - ^i^8 
2M|3 + ^(i73--^i/8 



4*2 
4*2 

—ill ) + A„i 



(6.17) 
(6.18) 



with 



'^(i73 + V3^8)' + 8(^£33^^ + ^//pA^53t;'^ . (6.19) 
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From Eq. (6^) to Eq. ( 6.11 ), the mass splittings for the sleptons are governed by 
sum-rules 



2 2 2 2 

nir — m,-,, , = mr — m 
nL hh 



2tt 9^ i 2COS27 2Cos2/? 



V2L ^ 4 

2„,2 



2 u cos 2(3 

m-^Y cos 27 + 



4 .2 



(6.20) 



/3 



Remind that, in the effective approximation, we have [18, 19]: w ~ w' , u ~ u' . Thus, 
noting that our notation tan7 is cot P in MSSM as in Ref. |14], Eq. (6.20) coincides 



with the MSSM result |14|. In this approximation, there is degeneration among t'i(2)L 
and t'i(2)i?- As in the MSSM, cos 27 > in the allowed range tan 7 < 1, we get then 



rrij > "T.?^^, I = e,fi. Assuming further cos 2/3 > 0, we obtain: ml^^ > mj,^^. 
To outline slepton mass spectrum, we assume the following relationship: 



cos27>0, cos2/3>0. 



2^2 

^11 < ^22- 



(6.22) 



With the above assumption, the slepton mass spectrum is shown in figure ||. Since, 
no convincing evidence for production of superpartners has been found, our figure 
has only illustrative meaning. 



Mass 



z — 



Figure 2: A schematic sample mass spectrum for sleptons, in which mass scales between genera- 
tions are not taken into account and I = e^\x. 



2. 7ci / 
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As before, from (|6.2| ) we have 

7c2 = 7c3 = 0, => 711 ^ 0. 
In this case, all the charged sleptons have different masses: 
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For sneutrinos, we have 
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For the tau sneutrinos, we get 



m 



m 



VtR 



2M|3 + Y (^3 - - ^i^i ) + A„ 



with 



A„ = y ^ (i^S + \/3i/8)' + 8 (^£337; + ^/ipA'ggf'^ . 

In the considered case, only relation among sneutrinos ( |6.21| ) is satisfied. 



In this case, slepton mass spectrum is similar to figure |2[ 

The situation is similar for case of 7c2 7^ 0, in which the second generation plays a role of 
the first one. Next, let us consider squarks in the model under consideration. 
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6.2 Squark mass mixing matrices 

Imposition of R — parity yields 

Caai — Caaf3 ~ — 0. 

Looking at (^74|)-([5^) we have 

Kai = Nap = 0. 
So tliat the mass matrix of down-squarks is significally reduced. 



(6.38) 



(6.39) 



With the help of ( 6.39 ), matrix in ( 5.2g| ) is decomposed to two 2x2 ones, dj/^ and 



d'^j^ mix with mass matrix 



P22 P23 
P32 P33 



(6.40) 



For and d'^j^, the mass matrix is 



^4. ^43 

Fd' Fd' 

"32 "33 



(6.41) 



For the ordinary down-squark, matrix in ( 5.2E ) is decomposed into 2x2 and 4x4 ones. 
We have two blocks: in the base {d2L,d3L), the mass matrix is given by 



Fd22 Fd'z'i 

Fdi2 Fd:i3 



(6.42) 



(6.43) 



Four others mix and, in the base (c^i^, d'lj^^d'^i-, (^3^), the mass matrix is defined by 

/ Fd^L ^1 -^2 H3 \ 
Hi Bii B21 B^i 

H2 B12 B22 B22 
\ Bis B23 S33 J 

It is interesting to note that our highest mass mixing matrices are smaller than that in the 
MSSM (6x6 matrices). 

Let us consider the squark mass splitting. Looking at Eqs.( 5.14| )-( ^.19D yields the mass 
splitting of squarks in the first generation: 
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(6.44) 
(6.45) 
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Similarly, for the second generation, we get 



~ m^, COS 27 - ■^v'^TTiSiTTai- (6.46) 
io 

In the model under consideration, squark mass splitting is different from those in 
the MSSM and the reason of this is the quark generation discrimination. For sleptons, 
the splitting is the same as in the MSSM. In addition, in the SM limit, we have triple 
degeneracy among all particles in the lepton triplet. 



7. Conclusions 



In this paper we have studied the sfermion sector in the supersymmetric economical 3-3-1 
model. Our calculation of the full superpotential for sfermions is useful for further study 
on searching of supersymmetric particles at high energy colliders such as the CERN Large 
Hadron Collider (LHC),... By R- parity conservation imposition, the Higgs scalars are 
decoupled of the sfermions; and the exotic squarks are also decoupled of superpartners of 
the ordinary quarks. 

In contradiction to the MSSM, in the model under consideration, there are lepton 
number violating mass terms in the contribution from D-part. 

As in the MSSM, the mass mixing matrix for charged sleptons is 6 x 6, while for 
sneutrinos, due to the existence of the right-handed neutrinos, their mass mixing matrix is 
6x6 too (Remind that in the MSSM, it is 3 x 3 matrix). 

It is worth noting that, in the SM limit, due to the quark family discrimination, the 
highest mass mixing matrices for the up-squarks and the down-squarks are, respectively, 
5x5 and 4x4, but not 6 x 6 as in the MSSM. Due to the same reason, in contradiction 
with the MSSM, there is no mixing among bi and bji. 

Assuming that there is only mixing among highest flavors ( DrL — i^rR, tl — f/j and 
tL — tn) we were able to outline mass spectra for the sfermions in the model. 

In the SM limit, without D-teim contribution, there is triple degeneracy among all 
particles in the lepton triplet. Therefore the mass splitting among sleptons is proportional 
the D-teim contribution 

o o o 

mj^ — rn^^ ~ m^y cos 27, 

However, due to the quark generation discrimination, squark mass splittings are dif- 
ferent in each family and from those in the MSSM. 

We do hope that, in coming years, the CERN LHC will provide important information 
on the supersymmetric particles including sfermions and our prediction in Eq. (|7.1| ) can 
be experimentally checked. 
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To conclude this work, we note again that due to the minimal content of the scalar 
sector, in the supersymmetric economical 3-3-1 model, Higgs sector is quite constrained 
and the significant number of free parameters is reduced. Its supersymmetric extension 
has the same feature and deserves further studies. 
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A. The F-term contribution 

Here we present full i^-term contributions to sfermion masses: 



+ QlJ'xX*{i^iQiLUiL + k'QilUl) + -PxXi'^iQiLuTh + i^'Qilu'l)^ 

qP-xX"^* (^^a^manL'^LP^ + ^ciiQaLadiL + ^apQaLcjd'pi^j + H .C. 



(A.l) 
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(A.2) 
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FP*Fp, 
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